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(57) ABSTRACT

A 3D image display apparatus includes a first display panel
which alternately displays a left eye image and a right eye
image, a second display panel having a plurality of pixels
including a left eye pixel and a right eye pixel, a backlight unit
which is disposed at a back side of the second display panel,
a lens array which is disposed at a front side of the second
display panel and has a plurality of lenticular lenses dividing
light emitted from the backlight unit into a left eye visual field
and a right eye visual field and emitting the divided light, and
a control unit which controls on and off of the left eye pixel
and the right eye pixel of the second display panel according
to a time when the left eye image and the right eye image are
displayed.
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1
3D IMAGE DISPLAY APPARATUS AND
DRIVING METHOD THEREOF

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority from Korean Patent Appli-
cation No. 10-2010-0130980, filed in the Korean Intellectual
Property Office on Dec. 20, 2010, the disclosure of which is
incorporated herein in its entirety by reference.

BACKGROUND

1. Field of the Invention

Aspects of the exemplary embodiments relate to a three-
dimensional (3D) image display apparatus and a driving
method thereof, and more particularly, to an auto-stereo-
scopic 3D image display apparatus and a driving method
thereof.

2. Description of the Related Art

With the development of technologies, an image display
apparatus capable of displaying a more vivid image is
required. Accordingly, not only a high-resolution image dis-
play apparatus having the increased number of pixels for
displaying an image but also a 3D image display apparatus
displaying a stereoscopic image have been developed. Such a
3D image display apparatus may be applicable not only to
television but also to various fields such as medical imaging,
games, commercials, education, and military where a stereo-
scopic sense can be used very effectively.

A stereoscopic image is generally created by a principal of
stereo visual angle of human eyes, and binocular parallax,
caused by about a 65 mm lateral distance between a person’s
left eye and right eye, can be regarded as the main cause of the
stereoscopic sense. Therefore, if an image which is the same
as an actual image is input to the two eyes, a stereoscopic
sense may be realized easily. For example, if two cameras
having the same properties are placed spaced apart just like
the two eyes and a left eye image photographed from a left
camera can be perceived only by the left eye and a right eye
image photographed from a right camera can be perceived
only by the right eye, a stereoscopic sense may be realized.

Such a 3D image display apparatus using binocular paral-
lax may be divided into two types: a 3D image display appa-
ratus using an auto-stereoscopic method, and a 3D image
display apparatus using a stereoscopic method. The auto-
stereoscopic method which obtains a stereoscopic image by
separating a left eye image and a right eye image without
using glasses may include a parallax barrier method, a len-
ticular method, an integral imaging method and a holography
method. The auto-stereoscopic method may include a polar-
ized-glasses method and a shutter-glasses method.

FIGS. 1A and 1B are views for explaining prior art tech-
nologies.

According to FIGS. 1A and 1B, an auto-stereoscopic dis-
play apparatus according to the prior art lenticular method
realizes a 3D image by causing a left eye and a right eye to
perceive a different image using a space-division method.

That is, the prior art auto-stereoscopic display apparatus
realizes images perceived by the left eye and the right eye
separately, and refracts each image to have a specific angle
using a lenticular lens so that the left eye image can be focused
onto the left eye and the right eye image can be focused onto
the right eye, thereby realizing a 3D image.

However, as an auto-stereoscopic 3D panel using the prior
art lenticular lens realizes a left eye image and a right eye
image separately, resolution of the images decreases by half.
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In addition, a portion where a lenticular image is focused is
fixed and thus, a user may perceive a 3D image only at a
specific location and angle.

Furthermore, the auto-stereoscopic 3D panel using the
prior art lenticular lens refracts an image using a lenticular
lens and thus, image quality may deteriorate if a 2D image is
realized.

SUMMARY

One or more exemplary embodiments provide a 3D image
display apparatus having a plurality of display panels and a
driving method thereof.

According to an aspect of an exemplary embodiment, there
is provided a 3D image display apparatus. The 3D image
display apparatus may include a first display panel which
alternately displays a left eye image and a right eye image, a
second display panel having a plurality of pixels including a
left eye pixel and a right eye pixel, a backlight unit which is
disposed at a back side of the second display panel, a lens
array which is disposed at a front side of the second display
panel and includes a plurality of lenticular lenses dividing
light emitted from the backlight unit into a left eye visual field
and a right eye visual field and emitting the divided light, and
a control unit which controls turning on and off of the left eye
pixel and the right eye pixel of the second display panel
according to a time when the left eye image and the right eye
image are displayed.

The control unit may realize a 3D image by controlling the
left eye pixel and the right eye pixel to be turned on and off
alternately so that light emitted from the backlight unit is
provided to the lens array when the left eye pixel or the right
eye pixel is turned on.

The control unit may realize a 2D image by controlling the
left eye pixel and the right eye pixel to be turned on and off
simultaneously so that light emitted from the backlight unit is
provided to the lens array when the left eye pixel and the right
eye pixel are turned on.

The first display panel may be embodied as a color liquid
crystal, and the second display panel may be a black and white
liquid crystal.

The control unit may control turning on and off of the left
eye pixel and the right eye pixel of the second display panel
according to a sync signal corresponding to the left eye image
and the right eye image provided from the first display panel.

The apparatus may further include a sensing unit which
senses a user’s location, and the control unit may change the
left eye pixel and the right eye pixel according to the user’s
location.

The apparatus may further include at least one of a first
optical film which is disposed in a back side direction of the
second display panel and a second optical film disposed in a
front side direction of the second display panel.

According to another aspect of an exemplary embodiment,
there is provided a method for driving a 3D image display
apparatus including a first display panel, a second display
panel having a plurality of pixels including a left eye pixel and
a right eye pixel, a backlight unit which is disposed at a back
side of the second display panel, a lens array which is dis-
posed at a front side of the second display panel and includes
aplurality of lenticular lenses dividing light emitted from the
backlight unit into a left eye visual field and a right eye visual
field and emitting the divided light. The method for driving a
3D image display apparatus may include alternately display-
ing a left eye image and a right eye image; and controlling
turning on and off of the left eye pixel and the right eye pixel
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of'the second display panel according to a time when the left
eye image and the right eye image are displayed.

The controlling may include realizing a 3D image by con-
trolling the left eye pixel and the right eye pixel to be turned
on and off alternately so that light emitted from the backlight
unit is provided to the lens array when the left eye pixel or the
right eye pixel is turned on.

The controlling may include realizing a 2D image by con-
trolling the left eye pixel and the right eye pixel to be turned
on and off simultaneously so that light emitted from the
backlight unit is provided to the lens array when the left eye
pixel and the right eye pixel are turned on.

The first display panel may be a color liquid crystal and the
second display panel may be a black and white liquid crystal.

The controlling may include controlling turning on and off
of the left eye pixel and the right eye pixel of the second
display panel according to a sync signal corresponding to the
left eye image and the right eye image provided from the first
display panel.

The method may further include sensing a user’s location
and changing the left eye pixel and the right eye pixel accord-
ing to the user’s location.

The method may further include displaying with the 3D
image display apparatus which may further include at least
one of a first optical film which is disposed in a back side
direction ofthe second display panel and a second optical film
disposed in a front side direction of the second display panel.

Accordingly, an image may be realized according to a time
sharing 3D method similar to a shutter glasses method, and
thus resolution may be maintained even in an auto-stereo-
scopic 3D method.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and/or other aspects of the present inventive
concept will be more apparent by describing certain exem-
plary embodiments with reference to the accompanying
drawings, in which:

FIGS. 1A and 1B are views for explaining a prior art
technology.

FIG. 2 is a block diagram illustrating a configuration of a
3D image display apparatus according to an exemplary
embodiment;

FIG. 3 is a view illustrating a structure of a 3D image
display apparatus according to an exemplary embodiment;

FIGS. 4A and 4B are views for explaining operation of a
3D image display apparatus according to an exemplary
embodiment;

FIGS. 5A and 5B are views for explaining operation of a
3D image display apparatus according to another exemplary
embodiment;

FIG. 6 is a view illustrating a structure of a 3D image
display apparatus according to another exemplary embodi-
ment.

DETAILED DESCRIPTION

Hereinafter, the present inventive concept will be described
more fully with reference to the accompanying drawings, in
which one or more exemplary embodiments are described in
greater detail.

Inthe following description, like drawing reference numer-
als are used for the like elements, even in different drawings.
The matters defined in the description, such as detailed con-
struction and elements, are provided to assist in a comprehen-
sive understanding of exemplary embodiments. However,
exemplary embodiments can be practiced without those spe-
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4

cifically defined matters. Also, well-known functions or con-
structions are not described in detail since they would obscure
the application with unnecessary detail.

FIG. 2 is a block diagram illustrating a configuration of a
3D image display apparatus according to an exemplary
embodiment.

Referring to FIG. 2, the 3D image display apparatus 100
includes a first display panel 110, a lens array 120, a second
display panel 130, abacklight unit 140, and a control unit 150.

The firstdisplay panel 110 may display a left eye image and
a right eye image alternately. The first display panel 110 may
be embodied using various color liquid crystals. For example,
the first display panel 110 may be embodied using a color
liquid crystal display (LCD). The LCD is a display apparatus
which displays an image using the properties of a liquid
crystal of which molecular arrangement changes if voltage is
applied, and displays a text or an image using optical refrac-
tion change occurring when a liquid crystal is injected into a
narrow space between two glasses and electrical pressure is
applied through a transparent electrode to change the molecu-
lar arrangement of each liquid. The detailed description
regarding the first display panel 110 will not be provided.

The second display panel 130 consists of a plurality of
pixels, and the plurality of pixels may include a left eye pixel
and a right eye pixel. The second display panel 130 may be
embodied using various black and white liquid crystals. For
example, the second display panel 130 may be embodied
using a black and white LCD.

The lens array 120 is disposed at the front side of the
second display panel 130 and may include a plurality of
lenticular lenses which emit light emitted from the backlight
unit 140, 160 by dividing the light into a left eye visual field
and a right eye visual field.

The backlight unit 140, 160 is disposed at the back side of
the second display panel 130 and may provide light to the
second display panel 130. The backlight unit 140, 160 may
include a light source such as a Cold Cathode Fluorescent
Lamp (CCFL) and a light emitting diode (LED), and various
optical films, for example but not limited to diffuser, prism,
Dual Brightness Enhancement Film (DBEF), and so on.

The control unit 150 may control on and off of a left eye
pixel and a right eye pixel constituting the second display
panel 130 according to a time when a left eye image and a
right eye image are displayed.

In addition, the control unit 150 may realize a 3D image by
controlling a left eye pixel and a right eye pixel constituting
the second display panel 130 to be turned on and off alter-
nately so that light emitted from the backlight unit 140 may be
provided to the lens array 120 when the left eye pixel or the
right eye pixel is turned on.

The control unit 150 may also realize a 2D image by
controlling a left eye pixel and a right eye pixel constituting
the second display panel 130 to be turned on and off simul-
taneously so that light emitted from the backlight unit 140
may be provided to the lens array 120 when the left eye pixel
and the right eye pixel are turned on.

In addition, the control unit 150 may control on and off of
a left eye pixel and a right eye pixel constituting the second
display panel 130 according to a sync signal corresponding to
a left eye image and a right eye image provided from the first
display panel 110.

Although not illustrated in the drawing, the 3D image
display apparatus according to another exemplary embodi-
ment may further include a sensing unit (not shown) for
sensing a location of a user.

In this case, the control unit 150 may change a left eye pixel
and aright eye pixel constituting the second display panel 130
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according to a location of a user sensed by the sensing unit
(not shown). Specifically, a location of a pixel in charge of a
left eye pixel which is turned on when a left eye image is
displayed and a right eye pixel which is turned on when a right
eye image is displayed may be changed according to a loca-
tion of the left eye and the right eye of a user. This will be
explained in detail with reference to FIGS. 5A and 5B.

FIG. 3 is a view illustrating a structure of a 3D image
display apparatus according to an exemplary embodiment.

Referring to FIG. 3, a 3D image display apparatus com-
prises the first display panel 110, the lens array 120, the
second display panel 130, a backlight unit 140, 160, and a first
optical film 170.

The first display panel 110 may display a left eye image and
a right eye image alternately. Herein, the first display panel
110 may be embodied using various color liquid crystals such
as a color LCD.

The lens array 120 may be provided on a back side of the
first display panel 110.

The lens array 120 is disposed between the first display
panel 110 and the second display panel 130, that is, on the
back side of the first display panel 110 and the front side of the
second display panel 130, and may comprise a plurality of
lenticular lenses which emit light emitted from the backlight
unit 140 by dividing the light into a left eye visual field and a
right eye visual field.

The lens array 120 which represents hemispheric lenses
arranged in ‘y’ direction, that is, in a direction perpendicular
to a line connecting two eyes of a user, is disposed between
the back side of the first display panel 110 and the second
display panel 130 so that light for a left visual field may face
the left visual field and light for a right visual field may face
the right visual filed. The arrangement interval and refraction
ofhemispheric lenses may be easily designed by those skilled
in the related art by referring to a viewing distance of a user
and distances of the first display panel 110, the second display
panel 130 and the backlight unit 140, 160, and thus detailed
description will not be provided.

The second display panel 130 comprises a plurality of
pixels, and the plurality of pixels may include a left eye pixel
and a right eye pixel. Herein, the second display panel 130
may be embodied as various black and white liquid crystals,
specifically, black and white LCD.

In this case, each of a plurality of lenticular lenses consti-
tuting the lens array 120 may be disposed to correspond to
each of a predetermined number of pixel group units from
among a plurality of pixels constituting the second display
panel 130.

The backlight unit 140, 160 is disposed at the back side of
the second display panel 130 and may provide light to the
second display panel 130.

The backlight unit 140, 160 may comprise a light guide
plate 140 and a light source 160.

The light guide plate 140 receives light emitted from the
light source 160 and disperses the light onto an entire upper
surface of the light guide plate 140. In some cases, a reflective
layer (not shown) is fixed on a lower surface of the light guide
plate 140 so that light can be guided only to the upper surface
of the light guide plate 140.

The light source 160 provides light to the light guide plate
140 and may be embodied as a plurality of Light Emitting
Diodes (LEDs). The LED is an element which emits light
using a light emitting phenomenon (electroluminescence)
occurring when voltage is applied to a semiconductor. The
materials suitable for LED may be materials of which light
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emitting wavelength exists in visible or near infrared region,
of which light emitting efficiency is high, and which is
capable of p-n junction.

Such materials may include compound semiconductors
such as GaN, GaAs, GaP, GaAsl-x Px, Gal-xAlxAs, InP, and
Inl-xGaxP.

On/off of the left eye pixel and the right eye pixel of the
second display panel 130 may be adjusted according to a time
when a left eye image and a right eye image are displayed in
the first display panel 110.

The optical film 160 reflects light reflected from the back-
light unit 140, 160, preventing brightness from being deterio-
rated.

Various optical films such as diffuser, prism, and DBEF,
especially DBEF may be used for the optical film 170.

Although not illustrated in the drawing, a sensing unit (not
shown) for sensing a location of a user may be further
included, and a left eye pixel and a right eye pixel constituting
the second display panel 130 may be changed according to a
location of a user sensed by the sensing unit (not shown).
Specifically, a location of a pixel in charge of a left eye pixel
which is turned on when a left eye image is displayed and a
right eye pixel which is turned on when a right eye image is
displayed may be changed according to a location of the left
eye and the right eye of a user.

As described above, an LED may be used as the light
source 160. However, in some cases, CCFL and External
Electrode Fluorescent Lamp (EEFL) may be used as a light
source.

FIGS. 4A and 4B are views for explaining a method for
driving a 3D image display apparatus according to an exem-
plary embodiment.

Referring to FIGS. 4A and 4B, in a 3D mode, a 3D image
is realized according to a time-sharing method using the first
display panel 110, and each image is perceived by the left eye
and the right eye through a BLU using the second display
panel 130 and the lens array 120 which are synchronized with
time-sharing of an image. The first display panel 110 may be
embodied as a color LCD and the second display panel 130
may be embodied as a black and white LCD. In addition, the
lens array 120 may be embodied as a plurality of lenticular
lenses. The lens array 120 may be embodied to correspond to
each of a predetermined number of pixel units from among a
plurality of pixels constituting the second display panel 130.

That is, as illustrated in FIGS. 4A and 4B, the first display
panel 110 continues to reproduce a left eye image and a right
eye image alternately, and a plurality of pixels constituting the
second display panel 130 are synchronized with a time when
a left eye image and a right eye image are displayed and
turned on alternately, thereby realizing a 3D image.

As illustrated in FIG. 4A, if a right eye image is displayed
in the first display panel 110, a pixel (R) in charge of a right
eye image is turned on in the second display panel 130, and
light passing through the pixel forms an image on the right
eye (R)of auser by thelens 120 designed to face the right eye.

As illustrated in FIG. 4B, if a left eye image is displayed in
the first display panel 11, a pixel (L) in charge of a left eye
image is turned on in the second display panel 130, and light
passing through the pixel forms an image on the left eye (L) of
a user by the lens 120 designed to face the left eye.

That is, the second display panel 130 and the front lens 120
perform a function previously performed by 3D glasses in a
conventional shutter glasses method.

Meanwhile, in a 2D mode, all pixels constituting the sec-
ond display panel 130 are turned on, serving as a backlight
unit (BLU) in a conventional LCD panel. Accordingly, image
quality is not deteriorated even in a 2D mode.
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FIGS. 5A and 5B are views for explaining a method for
operating a 3D image display apparatus according to another
exemplary embodiment.

Referring to FIGS. 5A and 5B, on and off of a pixel con-
stituting the second display panel 130 may be controlled
according to a location of a user (that is, a viewer) so that the
user may watch a 3D image at any location. In this case, the
location of the user may be sensed by a sensor provided in a
3D image display apparatus.

That is, if a user’s location is changed as illustrated in
FIGS. 5A and 5B, a left eye pixel and a right eye pixel
constituting the second display panel 130 are changed so that
the user may watch the same 3D image even in a changed
location.

As illustrated in FIG. 5A, if a user’s right eye and left eye
are in 2’ and ‘3’ respectively, the second and the third pixels
out of four pixels corresponding to each lenticular lens from
among a plurality of pixels constituting the second display
panel 130 may be in charge of a right eye pixel and a left eye
pixel which cause an image to be formed in the right eye and
the left eye respectively.

As illustrated in FIG. 5B, if a user’s right eye and left eye
are in ‘1’ and 2’ respectively, pixels responsible for a right
eye pixel and a left eye pixel may be changed so that the first
and the second pixels out of four pixels corresponding to each
lenticular lens from among a plurality of pixels constituting
the second display panel 130 may be in charge of the right eye
pixel and the left eye pixel which cause an image to be formed
in the right eye and the left eye respectively.

Accordingly, even if a user’s location is changed, the user
may watch the same 3D image.

FIG. 6 is a view illustrating a structure of a 3D image
display apparatus according to another exemplary embodi-
ment.

Referring to FIG. 6, a 3D image display apparatus com-
prises the first display panel 110, the lens array 120, the
second display panel 130, the backlight unit 140, 160, the first
optical film 170 and the second optical film 180.

The first optical film 170 is disposed between the second
display panel 130 and the backlight unit 140, 160 and reflects
light reflected from the backlight unit 140, 160 again.

The second optical film 180 is disposed between the lens
array 120 and the second display panel 130 and reflects light
reflected from the backlight unit 140, 160 again.

That is, the first optical film 170 and the second optical film
180 may be disposed in a back side direction and a front side
direction of the second display panel 130. Herein, various
optical films such as diffuser, prism, and DBEF, especially
DBEF may be used for the first optical film 170 and the
second optical film 180.

For example, DBEF-H (horizontal) may be used for the
first optical film 170 and DBEF-V (vertical) may be used for
the second optical film 180.

Accordingly, brightness degradation which may occur as
two panels are used can be prevented.

In the above exemplary embodiment, non-emissive display
element such as LCD has been explained, but the technical
feature of the present invention may be applied to a self-
illuminating display element such as Organic Light Emitting
Diode (OLED) and Field Emitting Diode (FED).

As described above, according to the present invention,
image quality deterioration may be prevented notonly ina 3D
image but also in a 2D image.

In addition, a 3D image may be realized at every angle as a
user’s viewing angle is detected.

In a conventional auto-stereoscopic space division 3D
method, a left eye image and a right eye image are displayed
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on a single screen simultaneously and thus, resolution is
decreased by half. However, according to the present inven-
tive concept, an image is realized according to a time sharing
3D method just like a shutter glasses method which is cur-
rently used for mass production. Thus, resolution may be
maintained when an auto-stereoscopic 3D is operated.

Although a few exemplary embodiments of the present
invention have been shown and described, it will be appreci-
ated by those skilled in the art that changes may be made in the
exemplary embodiments without departing from the prin-
ciples and spirit of the invention, the scope of which is defined
in the claims and their equivalents.

What is claimed is:

1. A 3D image display apparatus, comprising:

a first display panel which alternately displays a left eye
image and a right eye image;

a second display panel which comprises a plurality of
pixels including a left eye pixel and a right eye pixel;

a backlight unit which is disposed at a back side of the
second display panel;

a lens array which is disposed at a front side of the second
display panel and comprises a plurality of lenticular
lenses dividing light emitted from the backlight unit into
a left eye visual field and a right eye visual field and
emitting the divided light; and

a control unit which controls turning on and off of the left
eye pixel and the right eye pixel, constituting the second
display panel, based on when the left eye image and the
right eye image are displayed;

wherein the control unit receives a sync signal, correspond-
ing to the left eye image and the right eye image, from
the first display panel and controls turning on and off of
the left eye pixel and the right eye pixel, constituting the
second display panel, according to the sync signal pro-
vided from the first display panel.

2. The apparatus as claimed in claim 1, wherein the control
unit realizes a 3D image by controlling the left eye pixel and
the right eye pixel to be turned on and off alternately so that
light emitted from the backlight unit is provided to the lens
array when the left eye pixel or the right eye pixel is turned on.

3. The apparatus as claimed in claim 1, wherein the control
unit realizes a 2D image by controlling the left eye pixel and
the right eye pixel to be turned on and off simultaneously so
that light emitted from the backlight unit is provided to the
lens array when the left eye pixel and the right eye pixel are
turned on.

4. The apparatus as claimed in claim 1, wherein the first
display panel comprises a color liquid crystal, and

wherein the second display panel comprises a black and
white liquid crystal.

5. The apparatus as claimed in claim 1, further comprising

a sensing unit which senses a user’s location,

wherein the control unit changes the left eye pixel and the
right eye pixel according to the user’s location.

6. The apparatus as claimed in claim 1, further comprising
at least one of a first optical film which is disposed in a back
side direction of the second display panel and a second optical
film disposed in a front side direction of the second display
panel.

7. A method for driving a 3D image display apparatus
including a first display panel, a second display panel which
comprises a plurality of pixels including a left eye pixel and a
right eye pixel, a backlight unit which is disposed in a back
side of the second display panel, a lens array which is dis-
posed in a front side of the second display panel and com-
prises a plurality of lenticular lenses dividing light emitted
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from the backlight unit into a left eye visual field and a right
eye visual field and emitting the divided light, the method
comprising:

alternately displaying a left eye image and a right eye

image; and

controlling turning on and off of the left eye pixel and the

right eye pixel, constituting the second display panel,
based on when the left eye image and the right eye image
are displayed;

wherein the controlling comprises receiving a sync signal,

corresponding to the left eye image and the right eye
image, from the first display panel and controlling turn-
ing on and off of the left eye pixel and the right eye pixel,
constituting the second display panel, according to a
sync signal provided from the first display panel.

8. The method as claimed in claim 7, wherein the control-
ling comprises realizing a 3D image by controlling the left
eye pixel and the right eye pixel to be turned on and off
alternately so that light emitted from the backlight unit is
provided to the lens array when the left eye pixel or the right
eye pixel is turned on.
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9. The method as claimed in claim 7, wherein the control-
ling comprises realizing a 2D image by controlling the left
eye pixel and the right eye pixel to be turned on and off
simultaneously so that light emitted from the backlight unit is
provided to the lens array when the left eye pixel and the right
eye pixel are turned on.

10. The method as claimed in claim 7, wherein the first
display panel comprises a color liquid crystal and the second
display panel comprises a black and white liquid crystal.

11. The method as claimed in claim 7, further comprising:

sensing a user’s location; and

changing the left eye pixel and the right eye pixel according

to the user’s location.

12. The method as claimed in claim 7, wherein the display-
ing comprises displaying with the 3D image display appara-
tus which further comprises at least one of a first optical film
which is disposed in a back side direction of the second
display panel and a second optical film disposed ina front side
direction of the second display panel.
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